Summary: FRAP (fluoride-resistant acid phosphatase) -reactivity in the substantia gelatinosa of the mouse spinal trigeminal nucleus caudalis (STNC) was examined by light and electron microscopy. Degenerated figures of terminals caused by capsaicin were compared with the FRAP-positive terminals. Scalloped (fan-like) or indented, sinuous, slender, and cap-like figures with closely packed agranular synaptic vesicles of various sizes were common to both FRAPpositive and capsaicin-sensitive terminals. These terminals had glomerular or nonglomerular endings. Sometimes FRAP-positive and capsaicin-sensitive glomerular terminals made presynapses with surrounding dendrites. Frequently, both nonglomerular terminals were in direct contact with the neuronal soma. The terminal features of FRAP-positive and capsaicin-sensitive ones in the mouse STNC are the same as those seen in the superficial dorsal horn of the spinal cord. These findings suggest that some of the FRAP-positive terminals are capsaicin-sensitive, thereby indicating their nociceptive primary afferent.
FRAP (fluoride-resistant acid phosphatase), a nonlysozomal enzyme, is localized to small dorsal root ganglion (DRG) neurons. After dorsal root ligation (Knyihar, 1971) , dorsal rhizotomy, blocking the axonal flow by microtubule polymerizing agents such as colchicin and vinblastine (Knyihar-Csillik and Csillik, 1981) and capsaicin treatment (Nagy et aL, 1981) , FRAP reactivity disappeared in lamina II of the spinal dorsal horn and small DRG neurons. Accordingly, FRAP is believed to be synthesized in small primary afferent neurons and conveyed to the central (Knyihar, 1971 ) and peripheral (Devor and Claman, 1980) terminals by axonal flow. Thirty to 50% of the DRG cells projecting to the splanchnic or intercostal nerve are FRAPpositive (Dalsgaard et al., 1984) . Moreover, numerous unmyelinated axons innervating the corneal epithelium exhibit acid phosphtase activity (Knyihar-Csillik and Csillik, 1981). Therefore, FRAP has been currently used for identification of the primary afferent neurons. The fine structures of FRAP-positive central endings of the primary afferent were extensively documented by KnyiharCsillik and Csillik (1981) . The FRAP-positive terminals in the rat substantia gelatinosa of the spinal dorsal horn and caudal spinal trigeminal nucleus are dark sinusoid axons (DSA) or scalloped (fanlike) terminals with packed regular (clear) synaptic vesicles and few or numerous large dense core vesicles. Ribeiro-da-Silva et al. also examined FRAP-positive terminals in the substantia gelatinosa of the rat spinal dorsal horn (1986) and spinal trigeminal nucleus caudalis (1989). They showed that FRAP-positive terminals have electron-dense sinuous or scalloped contours with closely packed regular synaptic vesicles, few large dense core vesicles and mitochondria. Fine structures of the FRAP-positive terminals are the same as the central terminals (CI type), described by Ribeiro-daSilva and Coimbra in 1982, situated centrally forming synaptic glomeruli which are capsaicin-sensitive (Ribeiro-da-Silva and Coimbra, 1984).
Recently, we have examined the ultrastructures of FRAP-positive terminals in the substantia gelatinosa of the mouse lumbar spinal dorsal horn . The FRAP-positive terminals showed various forms not only dark, sinuous and scalloped but also small slender and cap-like. though the reactivities were weaker than the sinuous or scalloped terminals. Interestingly, nonglomerular FRAP-positive terminals made contact with neuronal soma (Hiura et al., 1997) . There have been no comparative studies on the ultrastructures between FRAP-positive and capsaicin-sensitive terminals in the substantia gelatinosa of the mouse spinal trigeminal nucleus caudalis (STNC). Therefore, the present study was designed to compare the characteristic fine structures of FRAP-positive terminals with those of the capsaicin-sensitive ones in the substantia gelatinosa of the mouse STNC; especially whether the features of FRAP-positive and capsaicin-sensitive terminals in the STNC are compatible with those in the spinal cord.
Materials and Methods
Three adult ddY mice were transcardially perfused with saline, followed by a fixative of 4% glutaraldehyde and 3.2% paraformaldehyde in 0.2 M cacodylate buffer (pH 7.2) under Nembutal anesthesia. The lower brain stem was dissected out and refixed in the same fixative for 2 h or overnight at 4 °C. The brain stem was coronally cut with a vibratome or microslicer, and placed in 0.2 M cacodylate buffer for at least 30 min. Then the specimens were histochemically treated for visualization of FRAP according to Gomori's method. The substrate (mixture of 1.25% sodium-P-glycerophosphate and 0.2% lead nitrate) for detection of FRAP was used with or without sodium fluoride (0.2 mM). For control specimens a medium free of substrate was used. After histochemical processing FRAPreactivity in the superficial layers of the spinal trigeminal nucleus caudalis was examined by light microscopy. Some of the specimens were postfixed in 1-1.3% osmium tetroxide, and routinely processed for Epon resin embedding.
To examine the degenerated figures of the central endings of the nociceptive primary afferents in the substantia gelatinosa, 2 adult mice that survived for 2 h after subcutaneous injection of capsaicin (50 mg/Kg) were perfused with saline, followed by a mixture of 1.2% paraformaldehyde and 2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4. Their lower brain stems were excised and placed in the same fixative for 1 h at 4 °C. The sample was coronally cut with a razor blade, and processed for Epon resin embedding. Two adult mice received only vehicle were served as controls. Their lower brain stem was similarly processed as the capsaicintreated ones.
The substantia gelatinosa was trimmed in all the embedded materials under the binocular microscope. They were transversally cut with an ultramicrotome. Sections picked up on formvar-coated single hole grids were lightly (for FRAP reaction) or routinely stained in uranyl acetate and Pb (NO3)2. Ultrastructure of FRAP-positive and capsaicin-sensitive terminals was carefully examined by electron microscopy.
Results FRAP-reactivity was seen as a dark arched band corresponding to the substantia gelatinosa in the mouse spinal trigeminal nucleus caudalis (STNC, Fig. lb) . The lateral side of the FRAP-reactive band was wider than that of medial side: the width of the FRAP band was 6.7-16.7 jAm through the mediolateral direction. The fine structures of FRAP-reactivities were seen as dark coarse granular (moderate reaction, Fig. 2a, b, d ) or homogeneously high electron-dense (intense reaction, Fig.  2b , c, e, f) deposition between regular synaptic vesicles. Frequently, the reaction products translocated into the synaptic cleft, forming electrondense band. FRAP-reactivities were found in dark, small or large sinuous, slender, cap-like, and scalloped (fan-like) terminals containing numerous clear synaptic vesicles of variable sizes, a few large dense-cored vesicles and mitochondria. Some of the sinuous or round terminals with full of clear synaptic vesicles did not exhibit FRAP-reactivity (Fig.  2a) . FRAP-positive endings made synaptic glomeruli located centrally and were surrounded by many dendrites. Sometimes FRAP-positive terminals were in close contact with each other (Fig. 2b) . Nonglomerular FRAP-positive terminals made direct contact with the neuronal soma (Fig. 2c-f Dark, glomerular or nonglomerular, sinuous, slender, scalloped (indented) and cap-like terminals with tightly packed round clear vesicles of various size, few dense-cored vesicles and mitochondria were frequently seen in the substantia gelatinosa of the control STNC (Fig. 3a, c, d ). Two hours after treatment with capsaicin many degenerated, homogeneously higher electron-dense, glomerular terminals (not shown) due to the degradation of synaptic vesicles and the cytoskeleton could be seen in the substantia gelatinosa. Except the above degen erated terminals, fairly electronlucent degenerat--ing terminals with the remaining synaptic vesicles were well seen (Fig. 3b) . The figures of degenerated terminals were sinuous, slender, cap-like and scalloped. Some of them made presynapses with surrounding dendrites (Fig. 3b) . Besides the degenerated glomerular terminals, nonglomerular terminals making contact with neuronal soma showed degeneration (Fig. 3e, f) . Their profiles were sinuous, cap-like or scalloped. They made symmetric or asymmetric (Fig. 3e) synaptic contacts with soma.
Discussion
The width of the FRAP-reactive band in the substantia gelatinosa of the mouse spinal trigeminal nucleus caudalis (STNC) nearly coincides with that of the cervical dorsal horn of the rat (the width of FRAP-band in the intermediate portion of the lamina II: 20 gm, Ribeiro-Da-Silva et al., 1986). But the band widens from the medial to lateral side as if corresponding to the intensity of GABAimmunoreactivity, the broad band in the lateral superficial dorsal horn (Hiura et aL, 1996) .
Knyihar-Csillik and Csillik (1981) reported two types of FRAP-positive terminals in the substantia gelatinosa of the rat spinal dorsal horn. One is dense sinusoid axon (DSA) terminals which are polyhedral in shape with full of regular synaptic vesicles, the other essentially resembles the DSA terminal but it contains numerous large dense-core vesicles (LDCV, 80-100 nm dia). They argued that DSA terminals localize in the substantia gelatinosa of the spinal dorsal horn and caudal spinal trigeminal nucleus, whereas LDCV terminals localize in Lissauer's tract (LT), the arms reaching forwarding from the lateral LT to the lateral horn, intermediolateral nucleus of the spinal cord at levels L5-S2 and solitary nucleus of the medulla oblongata. DSA and LDCV terminals are thought to have originated from FRAP-positive small DRG cells termed Cl and C2, respectively (Knyihar-Csillik and Csillik, 1981) . The FRAP-positive terminals found in this study correspond to DSA or CI terminals; dark, sinuous, and scalloped indented terminals with closely packed clear synaptic vesicles of various sizes. These features would be called polyhedral by Knyihar-Csillik and Csillik (1981) . The ultrastructures of this FRAP-positive terminals are in good agreement with the features demonstrated in the caudal spinal trigeminal nucleus of the rat (RibeiroDa-Silva et al., 1989). Besides this, slender and caplike FRAP-positive terminals were found in this study. FRAP-positive LDCV terminals were scarce probably because only the substantia gelatinosa was examined. Ribeiro-da-Silva and Coimbra (1986) described that over 79% of central terminals (CI type) are FRAP-positive through the dorsoventral plane of lamina II. In addition, they reported that FRAP-positive CI terminals are associated with having no or less than 3 large dense cored vesicles (Ribeiro-da-Silva et aL, 1989). We found terminals with scarce large dense cored vesicles show FRAP reactivity, that coincides with their report. Presence of nonglomerular FRAP-positive terminals making contact with neuronal soma has not been reported so far in the STNC. Recently 44% of the neuronal somata were reported to receive FRAP-positive nonglomerular endings in the substantia gelatinosa of the mouse spinal dorsal horn (Hiura et al., 1997) . Similar number of the neuronal soma seem to receive FRAP-positive terminals in the substantia gelatinosa of the mouse STNC.
Capsaicin causes homogeneous high electrondense or fairly electron-lucent terminals due to destruction of axoplasmic organelles. These two types of the degenerated figures are compatible with the previous report (Hiura and Ishizuka, 1994, 1995) . The ultrastructural contours of degenerated terminals are the same as seen in the superficial dorsal horn of the mouse spinal cord (Hiura et aL, 1990; : dark, sinuous, slender, cap-like and scalloped with fully packed clear synaptic vesicles of various sizes, few dense core vesicles and mitochondria. Thus, the fine structures of capsaicin-sensitive and FRAP-positive terminals in the substantia gelatinosa of the mouse STNC were very similar to those in the superficial spinal dorsal horn of the mouse. Furthermore, capsaicinsensitive and FRAP-positive, dark sinuous and scalloped or indented terminals with full of agranular synaptic vesicles of various sizes are likely to be common features at least in the substantia gelatinosa of the mouse and rat.
The functional linkage between nociception and FRAP has been suggested by many authors (Knyiliar, 1971; Jancs6 and Knyihar, 1975; Jessel et al., 1978; Knyihar-Csillik and Csillik, 1981; Nagy et al., 1981) . However, despite a marked depletion of FRAP in the superficial dorsal horn after crushing sciatic nerve synaptic transmission is not altered (no decrease of the dorsal root potential; Wall and Devor, 1981) . There has been some speculation that FRAP might be involved in the metabolism of a transmitter and membrane components, or their turnover (Willis and Coggeshall, 1991) . In any case FRAP seems to have a close correlation to nociceptive primary afferent neurons. Therefore, resemblance of the ultrastructures between FRAPpositive and capsaicin-sensitive terminals suggests that some of the former terminals have a role of nociceptive transmission in the substantia gelatinosa of the STNC. Plate II
